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Introduction

“Polarization observable will play an increasingly important role in

future studies of nuclei with medium-energy (ME) protons.” This may be stated

without much chance of future contradiction. Beyond that, however, it IS

impossible to foresee. There are many isuea in nucleon-nucleus physics that

could be dramatically affected. I will present a couple of current examples of

polarization experiments. Then I will discuss two future experiments in which

qualitatively new information will be obtained. The emphasis here will be on

plly9ics that cannot be obtai~ed from other hadronic or electromagnetic

experiments.

From an expzrlmental perspective, it is apparent thst ME protons offer a

large advantage over low-energy protons (“E < 100 FleV) when it cornea to proton

polarization. The much longer range of the higher energy particles results in

scattering efficiencloa in the 10-1 range at 500 MeV compa?ed to 10-4 at. 50

FleV. The advar.tagc for KE neutrnn9 is not nearly aa striking. However,

efficiencies nue sufficient to allow (fip ~) stl~dies to bc perfomed.

One cnn already observe my prejudice for polarization transfer (PT)

experiments. Indeed, experiment~ in which pol~rimetry is required will be the

main subject of thl 1 talk. Measurement of analyzing po%ers (not requlrlng

polarimetry) LS so routine today that I wilL tissume these measurements need no

npec{nl jutitlfication or di~cuesloi,. Spin correlation experiments cannot

presently bc pet-formed in nny gencrtil WJy on clmplex nuclei. Future mnchinea

SUC.11 IJn the lUCF cooler ShO\Jl(m, offer n wide vnriety of pnnaibll.tieft for spin

correlation cxperimt*ntH, so the time 1s npproachin~ when ono :,hould iw?gin to

thLnk nbout t;~r plIyHLuR that might uaqult.
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Polarization Tr%nsfer Experiments

In general, there are five parity conserving PT observalbes in spin 1/2

.ncoming-spin 1/2 outgoing reactions. They are Dw, DLL8, Dss’~ DSL~~ and DLS’

.1 modern notation. 1 Additionally, one has the independent quantities, the

pol lrization, pNB and the analyzing power, AN. The subscripts refer to the

spin projections indicated in Fig. 1, with L, S, N = longitudinal, eidewaye,

and normal. The relations ber.ween the new definltiona and older systems ased

by Wolfenatein2 and 0hlsen3 are given in Table I.

TABLE I

New’ Wolfenatetn2 0klsen3

D~ IJ K;

D~so R #

DLL* A’ ~: ‘

‘LS’ A K;’

‘SL’ R’ #

In order to measure for examplt DI,S,, one ne.ede n longitudinally polarized

benm and a measurement of the S’ outgoing component. Then ‘LS’ =

~f$nallp:nitlal,
.s The expression for DNN is more complicated nnd requires i%N

and PN as WCIL. 2,3 Finally, it in often convenient to think in terms of

spin-flip probabilities. These are related to the lh via

%j -:”(1 - Dij) .

The S13 vary from () to 1, n~ the l)FI vary from +1 tn -1.
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Elastic ScatterIn&

Elastic scattering from a

Parity and time-reversal asgumente

M(q) -A+CaN ,

0+ target is particularly simple to analyze.

limit the scattering amplitude to a form

(where N is the normal component defined previously). Ignoring an overall

phase, three measurements suffice to determine M(q).

TWO of the8% are the

eq~~.ivalently pN); the third,

differential crose eection, u. and ~ (or

commonly called the Q parameter 4 requires

polarization transfer. In terms of the previously defined quantities,

00 m ~2+c2 ,

‘OAN - 2 Re AC* ,

UOQ - 2 Im AC* ,

with the symmetries,

‘N m F~~ t

Q - ‘LS - ~LS~ cos ‘lah + Dss’ tiin O1,~b ,

= ‘DSI = ‘L1.’ ‘in ‘lab - %L’ ‘o~ ‘lab ‘

The iirst me;l~urement Of the ~ parameter for a complex nucleus was

p~rformed with tile focal-plane polarimeter5 of the high-ren~~lution spectrometer

~t LAMPF. Fig~lre 2 nhown the Q dntii for the reaction 4“wP,P) 40CII nt Ep - 500

M(’v ● T!IcHe dntn, nlon~ with AN dntn nt the snme enc;:gy, show definite

evidence for thr ~nnde$unr.y of impulne [~pproximntion cnlculntimw b~~ed on the
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Schroedinger equation (dashed tune, Fig. 2). This has led to the suggestion

that the nuclear medium modifies the free N-N interaction even at this

re.latlsely high energy. A much better fit to the data could be obtained by Wy

et al.6 if the free N-N spin orbit term were reduced by ’20% at small q.

An alternative propcsal, which has received considerable attention

recently, is that relativity plays a role beyond the kinematic cGnsttaint bull:

into the intrinsically nonrelativistic Schroedinger-equation-based a:pk~aches.

In particular, Sherpard, McNeil, and Wallace7 have achieved a phenomenal

success with an impulse approximation approach based on the Dirac equation.

The results of the two approaches for the Q parameter are shown in Fig. 2. It

is entirely plau~ible that the need for more careful consideration of

relativistic affects is seen in measurements of polarization cbservab?.es.

After all, in the Dirac equation spiu enters at a fundamental level. More

experiments of tnis type are required before one can really assess the aucceses

of the Dirac equation approaches.

Inelastic Scattering and Charge-ExchanRe

There is great poteutial for new physics in polarization transfer studies

of Inelastlc scattering and charge exchmge reactions. Here the full

complexity of the NW-interaction is illlowed. Although detailed aturiies of

these observalhea in the l)irac impulse approximation are only beginning, it

seems safe to predict that important differences will arise between this

appronch und the Sch~o~dtn,+e~-equi\tLon-hilsed models.

The physics ohtainnble from polaYizFIttoI~ ot,eervablea is most apparent when

one uses the el.kmml impulse npproximntton mod~l. 9,10 ExpreasionH fOl” the PT

nhservq’~~s Cl(-lllely re~emhle thr.se for fL”ec NN experiment~. T.hc mnjor

.npproximntion~ nrceaH,nry nre:
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1) Eikonal propagation through the nuclear medium.

2) Static NN interactions only,

3) Reaction Q value

These approximation

bombarding energiee above

The main observation

<< beam energy.

are fairly accurate for most problems of Intereet for

200 MeV.

we wish to emphasize here is that there are only two

fOLm factor8 measurable for unnatural parity inelaetic traneitiona.

Combinations of the PT observable may be formed that isolate, respectively,

the transverse, ~, and axial longitudinal, XL, form factors. Specifically,

(1)

x~d -: Uo(l - Dl~ - DSS~ + DLLZ) . (2)

The coefficients E and F are taken from the impulse approximation NN amplitudes

in the notation of KMT.ll The tranevei-se fo~m factor is identical to that

measurable in electron scattering. The axial longitudinal is not present in

electromagnetic interaction and thus represents new physics obtainable from

polarized nucleon experiments. This form factor is, of course, prese.lt in the

semileptonic weak interaction.12 Hence, Inelastic scattering and

charge-exchange experiments may well provide interesting information in several

arena of wcnk interaction physics. A f;nnl note tin Eqs. (1) and (2] relevant

to the experimenEH di~cussed shortly is that they nre valid (within the

approximntion~ noted) even if uririilt~l~nl parity excitations are pre~ent. Thus ,

it in not necesn;lry to know, for exnmple, tlmt a (p,p’) reaction occur~ only

throu};ll unn:lturfll parity chann~lso
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Recently, considerable attention has been paid to understanding the

NN-effective interaction in terms of meson-exchange models.13~14 A discussion

of these approaches is beyond che scope of this talk. Crudely speaking, for

the isovector case the axial longitudianl part of the NN interaction results

from pion exchange and the transverse part from rho-meson exchange.

I will briefly discuss two planled experiments that attempt to exploit the

“new” physics contained in PT experiments to learn something about the axial

and transverse nuclear responses.

The first experiment, the 13C(fi,no)+ 13N reaction at E
P

= 160 MeV is part of

an approved proposal at Indiana (Fig. 3). The r,arget was selected because

13C(_,e’) yielding thethere is ac~urate data from transverse form factor15

(Fig. 4). If our simple model has its expected range of validity, we should be

able to find the same information from the (p,no) reaction to the mirror state

in 13N. The axizl longitudinal form factor will be completely new information.

Figure 5 shows calculation~ of the axial and transverse form factors for this

transition using DWBA-70 with the Love-Franey interaction. The nearby curves

are the same cillculations employing the eikonal model in which Eqs. (1) and

(2) are exact. Normalization of the two types of calculations was made at zero

degrees. It is apparent that the neglect of distortion and nonstatic

Interactions l.s unimportant even at this relatively low energy.

An experiment scheduled to run at LAMPF this fall will employ the HRS

polarimeter to make the first (p,p’) measurements of the tt-ansvev~~ and axial

longitudinal nuclear respon~e functions. This w1lI be accomplished by

memuring the entire spectrum of inelinstic scattering of 800-MeV protons from O

to 100 MeV of excitation energy. At each excitation energy the PT obset-vablcs

wIII he recorded thus nllowing one to use Eq . (1) nnd (2) to project the

corresponding response functions. Figure 6 EIhOW!l calculations of these
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that incorporates some of the faacineting spin

propagate in the nuclear medium.16 Note that at

small q both the axial and transverse functions are suppressed with respect to

the free (noninteracting) Fermi gas calculation. At larger q the axial

response shows an enhancement, which if It were an order of magnitude larger,

might be called a precursor of pion condensation. Clearly this khd of

experiment will have a lot to say about t’ke current critical issues of

delta-hole effects, short range interaction (g’), and enhancement of meson

fields in nuclei. 17

In conclusion, it is easy to make a strong case for emphasizing

polarization observable in future (P,P’) and (p,n) experiments. We have

attempted to do this by stressing the new nuclear structure physics obtainable

from PT experiments. One may also argue that the effective NN Interaction,

medium effects, relativistic approaches, etc. , are equally interesting

frontlera for future study.
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FiQure Cantione

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Summary cf the allowed polarization transfer observable.

40ca(P,P) 40Ca at 500 MeV.Q parameter data for

calculations from Ref. 7.

Schematic layout of the proposal (#,fi) experiment at

Transverse form factor for the 13C ground state from

DWIA and eikonal calculations for the transverse and

The curves are

IUCF .

Ref. 15.

axial longitudinal

cross sections for the 13C(p,no)13N reaction at 160 MsV.

Calculations of the nuclear response functions from Ref. 16.
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